Introduction
Cardiovascular disease (CVD) is a leading cause of death in the US [1] . Each year, approximately 800,000 Americans die from CVD [1] . Despite advances in prevention and treatment of CVD at population and individual levels, socioeconomic inequalities in CVD morbidity and mortality have been widely observed in both developed and developing countries [2] . In and general mortality [6, 7] . However, the detrimental effects of economic decline on CVD are unclear. Studies in the US and Australia reported higher risks for heart attack, stroke and CVD mortality following the loss of a job [8, 9] . It has been observed recently in a longitudinal study in UK households that economic insecurity worsened metabolic, inflammatory and liver function biomarkers [10] . However, increased unemployment rates have been positively associated with heart-healthy lifestyles in some European populations [6, 11] .
The "CARDIA" data showed that CVD risk factors tended to decline during joblessness or recessions, while depressive symptoms significantly increased among unemployed individuals [12] .
The Great Recession, which officially lasted from December 2007 till June 2009, was considered as the worst global economic crisis since the Second World War [13] . Less access to employer-sponsored health insurance and forgone healthcare have been observed during the Great Recession [14, 15] 
Materials and Methods

Study Population
The continuous NHANES is a surveillance program initiated in 1999 and conducted annually by the National Center for Health Statistics, the Centers for Disease Control and Prevention.
Participants were sampled from civilian, non-institutionalized Americans, using stratified multistage probability design. The elderly, African Americans, and Hispanics were over-sampled to provide reliable estimates for these groups. NHANES aims to assess the health and nutritional status of adults and children, in the general US population. The research protocols for NHANES were approved by National Center for Health Statistics Institutional Review Board (Hyattsville, MD, USA). Details on the study designs and data collection procedures have been previously published [16] .
NHANES collected information on all sampled participants' health insurance coverage and healthcare use outcomes during the previous 12 months. The outcomes by categorizing years before, during, and after the Great Recession [17] [18] [19] [20] . As compared to other populationbased data sources, NHANES data have several advantages, such as large sample size, stable and robust sampling strategies, and standardized interview components [16] .
Health Insurance Status
The Health Insurance Questionnaire was administered to participants in their homes by trained NHANES staff. The interview included questions on insurance status, type of insurance coverage, and prescription drug coverage during the Emergency Department, other or more than one location, and no routine location). The participants were considered to have used inpatient healthcare if they had spent at least 1 overnight hospital stay in the previous year. The participants' outpatient healthcare was categorized into 2 groups, 1) more than 4 outpatient visits vs. 2) 0-3 outpatient visits in the previous year. Use of mental healthcare was identified if the participants reported a visit to a mental health professional in the previous year.
Diagnosis of CVD
Participants were asked the questions "Has a doctor or other health professional ever told you that you had … …" for congestive heart failure, coronary heart disease, angina/angina pectoris, heart attack, or stroke. If they answered "Yes" to any of these 5 questions, participants were considered to have had a diagnosis of CVD. Although NHANES did not validate selfreported CVD, previous validation studies have shown high sensitivity and specificity of deriving CVD history from selfadministered questionnaire [21] .
Statistical Analysis
Descriptive and regression analyses were weighted for the complex cluster sample design and conducted using Proc Survey in SAS Version 9.3 (SAS Institute, Cary, NC, US).
Distributions of selected demographic characteristics, lifestyle variables, insurance status, and healthcare use outcomes were described using unweighted frequencies. The weighted proportions were compared using the Rao-Scott chi-square goodness-of-fit tests.
Multiple logistic regression models were used to compare insurance status and healthcare use during the Great Recession and after the Great Recession, with those before the Great Recession for the participants with and without CVD. The models were stratified by income-to-poverty ratio (IPR, IPR < 2, IPR 2-4.49, and IPR ≥ 4.5), employment status (employed vs. unemployed), and age groups (< 65 years vs. ≥ 65 years).
Health insurance and healthcare use outcome variables were treated as binary variables. Demographic and lifestyle covariates were adjusted for multivariate logistic regression models that included age, gender, ethnicity/race, education, body weight status, smoking status, and physical activity (see Appendix I) [22] . Statistical significance was reached when the value of p < 0.05.
Results
Distribution of Selected Demographic Variables of the Study
Participants
A total of 26,483 adults who participated in the [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] NHANES were included in the analyses (Table 1) . Of the total, approximately 82.8% were < 65 years, 48.1% were males, 69.5%
were non-Hispanic white, 67.9% were overweight or obese, and 8.8% (3,045 adults) had a diagnosis of CVD. The participants with CVD were significantly older, less educated, had lower family income, and were more likely to be obese, unemployed, and physically inactive compared with those without CVD before, during, and after the Great Recession (p < 0.05).
Insurance Status and Healthcare Use by Selected Demographic Variables
As shown in Table 2 , approximately 80.6% of the participants were covered by health insurance, 93.7% had health plans to cover part of the cost of prescriptions, 78.4% had private insurance, less than half reported excellent or very good health, 82.1% used primary care facilities for routine healthcare, 38.1% used inpatient services and had overnight stays in hospital in the previous year, 11.0% used outpatient services more than 4 times in the previous year, and only 7.8% reported the use of mental health services in the previous year. The participants who had a diagnosis of CVD were more likely to be insured, receive routine healthcare at primary care facilities, have overnight hospital stay in the previous year, and use outpatient services over the previous year as compared with their counterparts without CVD, before, during, and after the Great Recession (p < 0.05; Table 2 ).
The Associations of the Great Recession with Insurance Status and Healthcare Use According to CVD Diagnosis
The associations of insurance status and healthcare use with the Great Recession were outlined by family income, employment status and age for the participants diagnosed with CVD (Table 3) . Unlike the associations observed in the participants without CVD ( Data are presented as n (%). * Unweighted frequencies and weighted proportions were presented. † Rao-Scott chi-square goodness-of-fit tests adjusted for the sample design were used to compare frequencies for each of the selected demographic characteristics. Data are presented as n (%). * Unweighted frequencies and weighted proportions were presented. † Rao-Scott chi-square goodness-of-fit tests adjusted for the sample design were used to compare frequencies for each of the selected demographic characteristics. Data are presented as n (%). * Unweighted frequencies and weighted proportions were presented. † Rao-Scott chi-square goodness-of-fit tests adjusted for the sample design were used to compare frequencies for health insurance status and healthcare use outcomes. 
Discussion
The majority of the research on the Great Recession, health insurance, and health services was base d on medical expenditure data of individuals with employersponsored health insurance [23] . This study used a nationally Data are presented as n (%). * Unweighted frequencies and weighted proportions were presented. † Rao-Scott chi-square goodness-of-fit tests adjusted for the sample design were used to compare frequencies for health insurance status and healthcare use outcomes. * Survey logistic regression models were adjusted for age, gender, ethnicity/race, body weight status, education level, employment, smoking, and physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, age, gender, ethnicity/race, body weight status, education level, employment, smoking, and physical activity level) in the study participants with family income-to-poverty ratio <2. † Survey logistic regression models were adjusted for age, gender, ethnicity/race, body weight status, education level, family income-to-poverty ratio, smoking, and physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, age, gender, ethnicity/ race, body weight status, education level, family income-to-poverty ratio, smoking, and physical activity level) in the study participants with employment. ‡ Survey logistic regression models were adjusted for gender, ethnicity/race, body weight status, education level, family income-to-poverty ratio, employment, smoking, and physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, gender, ethnicity/race, body weight status, education level, family income-to-poverty ratio, employment, smoking, and physical activity level) in the study participants 19-64 years. * Survey logistic regression models were adjusted for age, gender, ethnicity/race, body weight status, education level, employment, smoking, and physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, age, gender, ethnicity/race, body weight status, education level, employment, smoking, and physical activity level) in the study participants with family income-to-poverty ratio < 2. † Survey logistic regression models were adjusted for age, gender, ethnicity/race, body weight status, education level, family income-to-poverty ratio, smoking, and physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, age, gender, ethnicity/race, body weight status, education level, family income-to-poverty ratio, smoking, and physical activity level) in the study participants with employment. ‡ Survey logistic regression models were adjusted for gender, ethnicity/race, body weight status, education level, family income-to-poverty ratio, employment, smoking, and physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, gender, ethnicity/race, body weight status, education level, family income-to-poverty ratio, employment, smoking, and physical activity level) in the study participants 19-64 years. * Survey logistic regression models were adjusted for age, gender, ethnicity/race, body weight status, education level, employment, smoking, and physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, age, gender, ethnicity/race, body weight status, education level, employment, smoking, and physical activity level) in the study participants with family income-to-poverty ratio <2. † Survey logistic regression models were adjusted for age, gender, ethnicity/race, body weight status, education level, family income-to-poverty ratio, smoking, and physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, age, gender, ethnicity/race, body weight status, education level, family income-to-poverty ratio, smoking, and physical activity level) in the study participants with employment. ‡ Survey logistic regression models were adjusted for gender, ethnicity/race, body weight status, education level, family income-to-poverty ratio, employment, smoking, and physical activity level, for example, Model Y (Covered by health insurance) = Exposures (during recession, gender, ethnicity/race, body weight status, education level, family income-to-poverty ratio, employment, smoking, and physical activity level) in the study participants 19-64 years. shown that health insurance may significantly reduce the outof-pocket health expenditures among insured individuals [25] . Given income decline or unemployment during the Great Recession and serious pre-existing conditions such as CVD, it may be a natural response of people diagnosed with CVD to seek financial protection against possible catastrophic cardiac events, by acquiring health insurance coverage [26, 27] .
The results of this study showed that people with CVD, from high-income families were more likely to receive routine healthcare from an Emergency Department rather than primary care facilities during the recession (p < 0.05). The adverse impact of job loss and job insecurity on cardiovascular morbidity and mortality in the US populations has been previously reported [6] . Cardiovascular conditions such as hypertension and chest pain are among the most common reasons for Emergency Department visits during the Great Recession [28, 29] . Although high-income households may lose larger absolute wealth resources during the Great Recession, low-income and minority families experienced greater relative declines in wealth [30] . It has been postulated that an increased use of Emergency Department services was only observed among CVD patients from high-income families probably because patients from low-income families may forego medical care due to financial concerns [14] .
According to data in this study, individuals < 65 years who had a diagnosis of CVD, had less outpatient visits during the Great Recession, and those with CVD that had a high family income or worked, were less likely to use outpatient services after the recession. Previous studies have demonstrated a negative relationship between unemployment rate and use of outpatient services among people < 65 years [31] . Long working week hours, in combination with increased copayments or deductibles, may result in reduced use of outpatient services among people not covered by government health programs during or after the Great Recession [32, 33] .
A large body of literature has linked economic crisis and mental disorders such as depression [6, [34] [35] [36] . Despite no significant improvement in self-reported general health condition among our study population, significant decreases in the use of mental healthcare among CVD patients were observed, particularly during the Great Recession. High cost and lack of insurance coverage are the major barriers to accessing mental healthcare [37] . Given the potential financial strains during a recession, CVD patients may forego mental healthcare, in order to meet their care needs and treatment for pre-existing cardiovascular conditions.
In this study it was observed that people aged 65 years and over, regardless of their CVD status, were more likely to be covered by private insurance during the Great Recession, while people < 65 years with CVD were less likely to have private insurance coverage during the same period (OR: 0.53, 95%
CI: 0.28, 0.997). About 75% of the seniors who had Medicare public health insurance, also had some form of private health insurance [38] . A main reason for holding private insurance is to fill the gaps for services that public health programs, e.g., Medicare, does not cover [39] . Other reasons include timely access to healthcare, flexibility to choose service providers, and self-reliance [40] .
This study has several limitations. Firstly, due to the crosssectional nature of NHANES, longitudinal relationships of changes in health insurance coverage and healthcare use with the Great Recession could not be investigated. Therefore, causal relationships based on present findings could not be established. Secondly, information on insurance coverage and use of health services was self-reported and not verified through medical records, which may contain reporting bias.
Lastly, this study performed multiple statistical tests which provided a few significant results. Unlike confirmatory studies, this study was exploratory and adjustments for multiple comparisons were not conducted to avoid additional problems that "p value correction" may cause [41] . However, we suggest readers to be cautious when interpreting the results from this study. Further studies are needed to confirm these findings.
Conclusion
In this study it was observed that an economic crisis may significantly affect health insurance coverage and health service use among the adult population of the US. Coverage of health insurance and possession of health plans for prescriptions increased significantly among those with and without CVD.
Emergency rooms rather than primary care facilities were more likely to be used for routine healthcare among individuals with and without CVD during the Great Recession. Use of mental health services was reduced significantly among CVD patients during the recession. Longitudinal studies are warranted to confirm these findings, clarify their temporal relationships, and evaluate possible long-term effects of the Great Recession on people's health and healthcare systems in the US. As one of the costliest health problems, CVD has a substantial financial impact on total health expenditures in the US [42] . During 2010, the direct care expenditures for diagnosis and treatment of CVD were $273 billion in the US, and the estimated costs of lost productivity and premature mortality associated with CVD were an additional $172 billion [42] . According to the findings in this study, it is critically important for stakeholders, policy makers, and health professionals to minimize the adverse impact of potential economic downturns by; 1)
promoting knowledge, transparency, and availability of public and private health insurance among low-income populations with or without pre-existing chronic diseases such as CVD,
2) enhancing public healthcare services for the elderly (≥ 65 years), and 3) improving access to primary care, and reducing Emergency Department use by redirecting non-urgent patients to primary care providers, or providing alternatives such as retail clinics and urgent care centers. In addition, special efforts are needed to reduce the barriers to mental healthcare and promote the use of mental health services among CVD patients.
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